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Introduction {#sec006}
============

Inflammatory bowel disease (IBD) encompasses a group of disorders of the gastrointestinal tract characterized by recurrent inflammation, with periods of relapse and remission, and epithelial injury \[[@pone.0168785.ref001]\]. IBD includes Crohn's disease (CD) and ulcerative colitis (UC). The etiology of IBD is still unclear; however, there is some evidence to suggest that immune dysregulation, environmental factors, and genetic polymorphisms contribute to the multifactorial nature of the disease \[[@pone.0168785.ref002]\]. A dysbiosis of the intestinal microbiota also plays a role in the initiation or perpetuation of gut inflammation, which develops under an altered or impaired immune response \[[@pone.0168785.ref002]\].

In the hierarchy of evidence-based medicine, a meta-analysis (MA) or systematic review (SR) of high-quality randomized controlled trials (RCTs) is considered the best evidence for healthcare intervention \[[@pone.0168785.ref003]\]. High-quality MAs/SRs can aid policy makers in formulating guidelines and guide clinicians to make correct clinical decisions. In the past few decades, there have been many MAs/SRs that evaluated the role of probiotics in the course of treating IBD. Many reports have found that probiotics play a beneficial role in inducing and maintaining remission in mild-to-moderate UC but fail to show efficacy in CD. Unfortunately, the quality of these MAs/SRs had not been evaluated before probiotics were recommended. The objectives of this study were to use the Assessment of Multiple Systematic Reviews (AMSTAR) scale to evaluate the methodological quality of MAs/SRs of the role of probiotics in treating IBD and pouchitis patients, and summarize the published evidence to provide suggestions for making clinical decisions.

Materials and Methods {#sec007}
=====================

Data Sources and Study Selection {#sec008}
--------------------------------

We searched for all MAs and SRs up to April 2016 using the PubMed, EMBASE, Cochrane Library and China National Knowledge Infrastructure (CNKI) databases. Combinations of the following keywords were used in the search: "inflammatory bowel disease", "ulcerative colitis", "Crohn's disease", "pouchitis", "probiotics", "*Lactobacillus*", "*Bifidobacterium*", "*Saccharomyces*", "*Escherichia coli*" and "VSL\#3". The text words and MeSH terms were entered depending on the databases characteristics. The reference lists from retrieved articles were also screened for additional applicable studies. The language was restricted to Chinese and English.

Inclusion and Exclusion Criteria {#sec009}
--------------------------------

We included MAs/SRs that assessed probiotics as an intervention for the treatment of IBD and had full texts, regardless of publication status. Participants of any gender or ethnic origin with all types of IBD and pouchitis (once stated in the text) were eligible. We considered only adult IBD and pouchitis patients. Studies in an abstract form or meeting report were not considered. The protocols of the MAs/SRs were excluded.

Study Selection {#sec010}
---------------

Two authors independently scanned the titles and abstracts of the MAs/SRs to identify eligible articles. If we could not judge whether an article was in keeping with the inclusion and exclusion criteria according to the citations of the search, we attempted to locate the full text. Any disagreement was resolved by discussion; a third reviewer was consulted if we could not reach a consensus.

Assessment of Methodological Quality of Included MAs/SRs {#sec011}
--------------------------------------------------------

Two authors independently assessed the methodological quality of the included MAs/SRs, using the AMSTAR scale \[[@pone.0168785.ref004]\], which comprises 11 methodological criteria.

These criteria include the following:

1.  Was an a priori design provided?

2.  Was there duplicate study selection and data extraction?

3.  Was a comprehensive literature search performed?

4.  Was the status of publication (i.e. grey literature) used as an inclusion criterion?

5.  Was a list of studies (included and excluded) provided?

6.  Were the characteristics of the included studies provided?

7.  Was the scientific quality of the included studies assessed and documented?

8.  Was the scientific quality of the included studies used appropriately in formulating conclusions?

9.  Were the methods used to combine the findings of studies appropriate?

10. Was the likelihood of publication bias assessed?

11. Was the conflict of interest stated?

We judged each item as follows:

-   Yes (when the criterion was explicitly met).

-   No (when the criterion was explicitly not met).

-   Can not answer (when the item was relevant but not described completely or not reported at all).

-   Not applicable (when the item was not relevant).

Then, we calculated the quality scores: one point was given when the answer was "Yes"; otherwise, 0 points were given. According to the number of criteria met, the included articles were ranked into 3 levels: "high" (range 9--11), "moderate" (range 5--8), and "low" (range 0--4) \[[@pone.0168785.ref005]\]. Any disagreement was resolved by discussion, and a third reviewer was consulted if necessary.

Results {#sec012}
=======

Study Identification {#sec013}
--------------------

Overall, we identified 1698 potentially relevant articles by searching electronic databases and other resources. After reviewing the titles and abstracts and identifying duplications, 1657 articles were excluded. The remaining 41 articles were read in their entirety. Of these, 5 were excluded (four of the articles \[[@pone.0168785.ref006]--[@pone.0168785.ref009]\] were published in meeting abstracts, and we attempted to contact the authors to request the full text, but there was no reply; one article \[[@pone.0168785.ref010]\] was published in Polish). Finally, we included 36 studies in our analysis. The flowchart of the review selection process is presented in [Fig 1](#pone.0168785.g001){ref-type="fig"}.

![Flowchart of the review search and identification.](pone.0168785.g001){#pone.0168785.g001}

Characteristics of Included SRs {#sec014}
-------------------------------

Among the included articles, 19 \[[@pone.0168785.ref011]--[@pone.0168785.ref029]\] (19/36, 52.8%) were published in English, and the other 17 \[[@pone.0168785.ref030]--[@pone.0168785.ref046]\] (17/36, 47.2%) were published in Chinese. There were 4 Cochrane reviews \[[@pone.0168785.ref021]--[@pone.0168785.ref024]\] and 2 academic dissertations \[[@pone.0168785.ref039], [@pone.0168785.ref042]\] among the 36 articles. The publication years of the 36 studies ranged from 2006 to 2016. The number of authors for the included articles ranged from 1 to 7, and the average number of authors was 3.83. The authors of the included articles searched 1 to 8 databases, and the studies involved contained a median of 4.83 databases.

The included articles covered 5 groups: UC (22/36, 61.1%) \[[@pone.0168785.ref012], [@pone.0168785.ref015], [@pone.0168785.ref020], [@pone.0168785.ref022], [@pone.0168785.ref024], [@pone.0168785.ref026], [@pone.0168785.ref029]--[@pone.0168785.ref039], [@pone.0168785.ref042]--[@pone.0168785.ref046]\], CD (5/36, 13.9%) \[[@pone.0168785.ref014], [@pone.0168785.ref016], [@pone.0168785.ref018], [@pone.0168785.ref021], [@pone.0168785.ref023]\], pouchitis (2/36, 5.6%) \[[@pone.0168785.ref013], [@pone.0168785.ref019]\], UC and CD (5/36, 13.9%) \[[@pone.0168785.ref011], [@pone.0168785.ref025], [@pone.0168785.ref027], [@pone.0168785.ref028], [@pone.0168785.ref040]\], and UC and CD and pouchitis (2/36, 5.6%) \[[@pone.0168785.ref017], [@pone.0168785.ref041]\]. The included 36 articles contained 443 studies, with an average of 12.3 studies per article. Regarding the probiotics reported in the included MAs/SRs, the following was found: one review \[[@pone.0168785.ref014]\] (1/36, 2.8%) evaluated the effect of *Lactobacillus*; one \[[@pone.0168785.ref029]\] (1/36, 2.8%) evaluated the effect of *Escherichia coli*; one \[[@pone.0168785.ref028]\] (1/36, 2.8%) evaluated the effect of *Lactobacillus and Bifidobacterium;* one \[[@pone.0168785.ref033]\] (1/36, 2.8%) evaluated the effect of *Bacillus subtilis* and *Enterococcus faecium*; one \[[@pone.0168785.ref045]\] (1/36, 2.8%) evaluated the effect of *Lactobacillus*, *Bifidobacterium* and *Streptococcus thermophiles;* two \[[@pone.0168785.ref020], [@pone.0168785.ref044]\] (2/36, 5.6%) evaluated the effect of VSL\#3, while the remaining 29 (29/36, 80.6%) did not specify a category. Twenty-four (24/36, 66.7%) of the included articles reported side effects.

Assessment of Methodological Quality of Included SRs {#sec015}
----------------------------------------------------

The methodological quality of the included articles was independently assessed by two authors using the AMSTAR tool. Any differences in their opinions were discussed and agreed upon via consensus. The assessments of methodological quality are described in [Table 1](#pone.0168785.t001){ref-type="table"}. The average AMSTAR score of the included reviews was 5.81 (range 1--10), which indicates moderate quality. According to the AMSTAR scale and the rating system used by the Canadian Agency for Drugs and Technologies in Health (CADTH), only 4 of the MAs/SRs \[[@pone.0168785.ref021]--[@pone.0168785.ref024]\] were classified as high quality; 24 of the MAs/SRs \[[@pone.0168785.ref011], [@pone.0168785.ref013]--[@pone.0168785.ref018], [@pone.0168785.ref020], [@pone.0168785.ref026], [@pone.0168785.ref029]--[@pone.0168785.ref033], [@pone.0168785.ref035], [@pone.0168785.ref037]--[@pone.0168785.ref041], [@pone.0168785.ref043]--[@pone.0168785.ref046]\] were classified as moderate quality, and the other 8 MAs/SRs \[[@pone.0168785.ref012], [@pone.0168785.ref019], [@pone.0168785.ref025], [@pone.0168785.ref027], [@pone.0168785.ref028], [@pone.0168785.ref034], [@pone.0168785.ref036], [@pone.0168785.ref042]\] were classified as low quality. The most common AMSTAR items in which the reviews lost points were items 1, 4 and 5. The most common AMSTAR items to score points were items 6, 7, 9 and 10. For the other items, approximately half of the included MAs/SRs got the points. For item 7, the Jadad scale and Cochrane Collaboration's tool were the most common tools used.

10.1371/journal.pone.0168785.t001

###### Methodological quality of the included MAs/SRs.

![](pone.0168785.t001){#pone.0168785.t001g}

  **Item**                                                                                                   **Y, n (%)**   **N, n (%)**   **CA, n (%)**   **NA, n (%)**
  ---------------------------------------------------------------------------------------------------------- -------------- -------------- --------------- ---------------
  **1. Was an \'a priori\' design provided?**                                                                4 (11.1%)      0 (0%)         32 (88.9%)      0 (0%)
  **2. Was there duplicate study selection and data extraction?**                                            21 (58.3%)     0 (0%)         15 (41.7%)      0 (0%)
  **3. Was a comprehensive literature search performed?**                                                    19 (52.8%)     0 (0%)         17 (47.2%)      0 (0%)
  **4. Was the status of publication used as an inclusion criterion?**                                       13 (36.1%)     7 (19.4%)      16 (44.4%)      0 (0%)
  **5. Was a list of studies provided?**                                                                     6 (16.7%)      0 (0%)         30 (83.3%)      0 (0%)
  **6. Were the characteristics of the included studies provided?**                                          26 (72.2%)     1 (2.8%)       9 (25.0%)       0 (0%)
  **7. Was the scientific quality of the included studies assessed and documented?**                         31 (86.1%)     5 (13.9%)      0 (0%)          0 (0%)
  **8. Was the scientific quality of the included studies used appropriately in formulating conclusions?**   18 (50.0%)     18 (50.0%)     0 (0%)          0 (0%)
  **9. Were the methods used to combine the findings of studies appropriate?**                               30 (83.3%)     0(0%)          0(0%)           6 (16.7%)
  **10. Was the likelihood of publication bias assessed?**                                                   24 (66.7%)     12 (33.3%)     0 (0%)          0 (0%)
  **11. Was the conflict of interest stated?**                                                               17 (47.2%)     19 (52.8%)     0 (0%)          0 (0%)

Y: Yes, N: No, CA: Can not answer, NA: Not applicable

Discussion {#sec016}
==========

Evaluating the methodological quality of MAs/SRs is a means to evaluate how well the process of designing and conducting the research controlled for bias. The AMSTAR scale has been widely used since it was published in 2007, and this scale has become a recommended tool to evaluate the methodological quality of MAs/SRs \[[@pone.0168785.ref047]\].

The AMSTAR scores of the included reviews ranged from 1--10. Most of the articles were of poor or moderate quality; there were few high quality MAs/SRs. There were various defects regarding the information in the included articles. The main problems found in the MAs/SRs are described below.

First, there was no published protocol. To add scientific credibility and improve research standards, the protocol should be formulated prior to the MA/SR. A protocol may contribute to making the research process prospective, strict and transparent and may decrease the possibility that the authors will be influenced by the published articles regarding a certain process in conducting an MA/SR. In this overview, we found that only 4 MAs/SRs \[[@pone.0168785.ref021]--[@pone.0168785.ref024]\] had a published protocol, indicating that authors should pay more attention to this area in the future.

Second, the study selection and data extraction were not conducted by at least two authors independently. The AMSTAR scale claims that the search results and data extraction should be screened by at least two independent reviewers. This approach helps to prevent the inappropriate inclusion or exclusion of articles and thus reduces bias in the selection of studies \[[@pone.0168785.ref048]\]. Nearly half (15/36, 41.7%) of the included articles were not in accord this item or did not report clearly, which may increase the selection bias and decrease the quality of an MA/SR.

Third, a comprehensive literature search was not performed. Item 3 was primarily used to evaluate whether the search strategy was comprehensive. This item had two aspects; the first aspect was a comprehensive search plan, which contained keywords and retrieval types, and the other aspect was whether retrieval range was wide enough, containing at least two databases according to the AMSTAR scale. In addition, item 3 emphasized that supplemental searching is also of great significance. Nearly half (17/36, 47.2%) of the studies reported only the keywords used in searching electronic databases, and failed to consider the importance of a supplemental search.

Fourth, the status of publication was not used as an inclusion criterion. This item was mainly used to evaluate the selection bias. All authors and journals wish to publish articles with positive outcomes; articles with negative outcomes are either unpublished or published in informal journals. Selection bias may easily appear if the authors neglect gray literature.

Fifth, the MAs/SRs did not provide a list of both the included and excluded articles, which was a common problem as most studies provided only the included articles, and not both lists, possibly due to restricted page layouts. However, Cochrane SRs always provide lists of both the included and excluded articles, which allow the reader to easily judge the quality of the selected articles.

Sixth, the MAs/SRs did not consider whether the scientific quality of the included studies was used appropriately in formulating conclusions. This item required the results of the quality assessment and risk of bias to be considered in the analysis and conclusions of the review and to be explicitly stated in formulating recommendations \[[@pone.0168785.ref048]\]. Evidence-based medicine requires that research results are presented objectively and cautiously, rather than draw a tendentious conclusion hastily. This item requires that the quality of the included studies is sufficiently considered and reveals potential methodological flaws before reaching a conclusion.

Seventh, a conflict of interest statement was not included. This item is very important, especially in MAs/SRs involving pharmaceuticals. Research supported by pharmaceutical companies is more likely to obtain positive outcomes. If the author reports the conflict of interest in the MA/SR, readers may consider whether there is possibility of overvaluing the research results. In this overview, nearly half (17/36, 47.2%) of the included studies did not state conflict of interest.

We summarized the findings and evaluated the quality of the 36 included MAs/SRs as well as the number of RCTs and patients included in each MA/SR ([Table 2](#pone.0168785.t002){ref-type="table"}). The more RCTs and patients included and the higher AMSTAR scores obtained, the more credible the conclusion is. Most of the included MAs/SRs focused on probiotics in UC, while only a few of the MAs/SRs evaluated the efficiency of probiotics in treating CD or pouchitis.

10.1371/journal.pone.0168785.t002

###### Conclusions and the number of RCTs and patients included in each MA/SR and the AMSTAR score.

![](pone.0168785.t002){#pone.0168785.t002g}

  Conclusions                                                                                                                                                                                                                                                                                                                                              Number of included MAs/SRs   Average RCTs included   Average patients included   Average AMSTAR score
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------- ----------------------- --------------------------- ----------------------
  **Probiotics for the induction of remission in UC**                                                                                                                                                                                                                                                                                                                                                                                       
  The combination of probiotics with 5-aminosalicylates (5-ASA) is superior to 5-ASA alone in inducing remission in UC \[[@pone.0168785.ref020], [@pone.0168785.ref030], [@pone.0168785.ref033]--[@pone.0168785.ref035], [@pone.0168785.ref039], [@pone.0168785.ref043], [@pone.0168785.ref045]\]                                                          8                            9.9                     689.4                       6.38
  No significant difference was observed between the curative effects of probiotics and 5-ASA in mild-to-moderate UC patients \[[@pone.0168785.ref022], [@pone.0168785.ref030], [@pone.0168785.ref035], [@pone.0168785.ref036], [@pone.0168785.ref039]\]                                                                                                   5                            2.2                     229.6                       7.00
  Probiotics are superior to a placebo in inducing remission in UC \[[@pone.0168785.ref011], [@pone.0168785.ref015], [@pone.0168785.ref017], [@pone.0168785.ref025], [@pone.0168785.ref026], [@pone.0168785.ref035], [@pone.0168785.ref036], [@pone.0168785.ref038], [@pone.0168785.ref042], [@pone.0168785.ref046]\]                                      10                           4.5                     304.2                       5.50
  The combination of probiotics with sulfasalazine is superior to sulfasalazine alone in inducing remission in UC \[[@pone.0168785.ref030], [@pone.0168785.ref043]\]                                                                                                                                                                                       2                            4.0                     248.5                       7.50
  Probiotics are superior to the control group in inducing remission in UC \[[@pone.0168785.ref015], [@pone.0168785.ref027], [@pone.0168785.ref044]\]                                                                                                                                                                                                      3                            6.3                     429.0                       4.33
  **Probiotics for the maintenance of remission in UC**                                                                                                                                                                                                                                                                                                                                                                                     
  The administration of probiotics results in the same effect as 5-ASA in maintaining remission in UC \[[@pone.0168785.ref011], [@pone.0168785.ref012], [@pone.0168785.ref017], [@pone.0168785.ref024], [@pone.0168785.ref029], [@pone.0168785.ref031], [@pone.0168785.ref032], [@pone.0168785.ref035]--[@pone.0168785.ref042], [@pone.0168785.ref046]\]   16                           4.1                     507.9                       5.94
  The combination of probiotic agents with 5-ASA is superior to 5-ASA alone in maintaining remission in UC \[[@pone.0168785.ref034]\]                                                                                                                                                                                                                      1                            4.0                     204.0                       4.00
  The combination of probiotic agents and 5-ASA is not superior to 5-ASA alone in preventing relapse \[[@pone.0168785.ref017], [@pone.0168785.ref035]\]                                                                                                                                                                                                    2                            2.5                     230.5                       7.00
  Probiotics are superior to a placebo in maintaining remission in UC \[[@pone.0168785.ref012], [@pone.0168785.ref026], [@pone.0168785.ref035]--[@pone.0168785.ref039]\]                                                                                                                                                                                   7                            2.6                     70.3                        5.57
  **Probiotics for the induction of remission in CD**                                                                                                                                                                                                                                                                                                                                                                                       
  Probiotics are not superior to a placebo in inducing remission in CD \[[@pone.0168785.ref017]\]                                                                                                                                                                                                                                                          1                            3.0                     74.0                        8.00
  **Probiotics for the maintenance of remission in CD**                                                                                                                                                                                                                                                                                                                                                                                     
  Probiotics are not superior to a placebo in maintaining remission in CD \[[@pone.0168785.ref014], [@pone.0168785.ref016]--[@pone.0168785.ref018], [@pone.0168785.ref023], [@pone.0168785.ref025], [@pone.0168785.ref027], [@pone.0168785.ref040], [@pone.0168785.ref041]\]                                                                               9                            5.9                     262.8                       5.89
  **Probiotics for the induction of remission in pouchitis**                                                                                                                                                                                                                                                                                                                                                                                
  Probiotics play a beneficial role in achieving clinical improvement in pouchitis \[[@pone.0168785.ref013]\]                                                                                                                                                                                                                                              1                            8.0                     247.0                       5.00
  **Probiotics for the maintenance of remission in pouchitis**                                                                                                                                                                                                                                                                                                                                                                              
  Probiotics are superior to a placebo in maintaining remission in pouchitis \[[@pone.0168785.ref019], [@pone.0168785.ref027], [@pone.0168785.ref041]\]                                                                                                                                                                                                    3                            4.0                     165.7                       3.33
  Probiotics are not superior to a placebo in maintaining remission in pouchitis \[[@pone.0168785.ref017]\]                                                                                                                                                                                                                                                1                            4.0                     148.0                       8.00

A majority of the MAs/SRs concluded that UC patients benefit from probiotics; however, these studies failed to obtain a high AMSTAR score, which decreases the credibility of the conclusion. In examining the role of probiotics in the maintenance of remission in UC, two MAs \[[@pone.0168785.ref017], [@pone.0168785.ref035]\] concluded that the combination of probiotics and aminosalicylates is not superior to aminosalicylates alone in maintaining remission. However, another MA \[[@pone.0168785.ref034]\] drew a different conclusion, i.e., that the combination of probiotics and aminosalicylates is superior to aminosalicylates alone in maintaining a UC remission. Unfortunately, all of these studies included only a few RCTs and patients, and had a low to moderate AMSTAR score.

A few MAs/SRs evaluated the effectiveness of probiotics for CD, but most of these studies evaluated the role of probiotics in the maintenance of CD remission. Probiotics failed to show effectiveness in the induction and maintenance of remission in CD according to the current MAs/SRs, and the AMSTAR scores are variable, ranging from 1--10.

The included MAs/SRs reached different conclusions regarding the role of probiotics in maintaining remission in pouchitis. Three MAs/SRs \[[@pone.0168785.ref019], [@pone.0168785.ref027], [@pone.0168785.ref041]\] found that probiotics are superior to a placebo in maintaining a pouchitis remission, while another MA \[[@pone.0168785.ref017]\] drew the conclusion that patients with pouchitis did not gain an advantage in maintaining treatment with probiotics compared with a placebo. However, among the four RCTs included in the latter MA, three RCTs evaluated the role of VSL\#3 in maintaining remission in pouchitis, and these three RCTs found that VSL\#3 is beneficial for maintaining remission in patients with pouchitis. This finding suggested that the assessment of probiotics should be performed on a strain-specific basis and combining multiple strains for analysis may introduce a bias.

In addition, the disease activity index and the tools used should also be considered in evaluating the role of probiotics in IBD. Probiotics may play an effective role in inducing remission in mild-to-moderate UC, while in severe UC patients, probiotics may be less effective; a bias may thus be introduced if an author combines patients with different severities of UC in the analysis. Therefore, combining similar disease severities and strains of probiotics in subgroup analyses may be a good way to improve the credibility of conclusions. The evaluation of research depends on complete and accurate reporting. If the authors of clinical trials followed the Standards for Reporting Diagnostic accuracy studies (STARD) statement to report the eligibility criteria, diagnostic basis, baseline demographic and clinical characteristics, and distribution of disease severity among the participants, the trial would be much more useful and would provide higher quality comparisons.

Although many MAs/SRs concluded that the administration of probiotics results in additional benefit in UC patients, the Cochrane review, which is acknowledged as a high-quality SR, suggested that there is not enough evidence to recommend the use of probiotics for the treatment of UC, and this is an important point worth considering. Our work found that a majority of the 36 included articles were of low-to-moderate quality, which may influence the evidence level of applying probiotics to the treatment of IBD and pouchitis. In conclusion, we all benefit from more informative and high-quality MAs/SRs and require more high-quality MAs/SRs to support the use of probiotics in IBD.
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